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ABSTRACT: An electronically resettable fuse includes a 
saturable core current sensing transformer having two outside 
legs and a center leg. An oscillator is connected to balanced 
oscillator windings wound about the outside legs so as to 
produce an AC flux which saturates the outside magnetic path 
at waveform peak points. A DC current whose magnitude is to 
be sensed is passed through a control winding wound about 
the center leg, and produces a DC f lux in the center leg which 
completes i ts  ~ Q O Q  through the two outside legs, only &wing 
intervals when the outside path is unsaturated. This comple- 
tion occurs twice per cycle and is sensed by a sense winding 
also wound about the center leg. When the current in the con- 
trol winding surpasses a bias level, the induced DC flux 
direction reverses and a 180" phase shift across the sense 
winding occurs. This phase reversal is sensed by a phase detec- 
tor and utilized to open relay contacts connecFed to the con- 
trol winding. External means for resetting the relay from a 
remote location are also provided. 
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SE winding at a predetermined level. When this level is reached, 
the phase of the AC flux induced in the second winding rever- 
ses. This phase reversal is sensed by the phase detector which 
generates a control signal that is sensed by a relay driver cir- 
cuit. The relay driver circuit operates a relay that has contacts 
in the power h e  Circuit to the load. 
In accordance with a further principle of this invention, the 

oscillator, phase detector and relay driver circuit are formed 
of solid-state components which have low power consump- 

lo tion. Moreover, the relay is a latching relay that only draws 
Various types of apparatus for fusing electronic circuits are power when it receives a control pulse. 

well known. mey vw from fuses which are destroyed In accordance with still further principle of this invention, 
when an excemive current condition OCCUK to complex fuses means are provided for externally resetting the relay from a 
which “drop  out^^ and reclose through several cycles before contact open condition to a contact closed condition. 
completely locking out when an excessive current condition  oreo over^ external Override means are provided for changing 
occurs. the relay from its normally contact closed condition. 
In the past. spacecraft experiments have been reluctant to It Will be appreciated by those skilled in the art and others 

allow fuses in the power line to their experiments for few that from the foregoing brief summary that the invention provides 
a small surge in current might cause a fuse to blow and per- 20 an eleCtrOniCdly resettable fuse that senses the DC current 
manently kill their experiment. Moreover, it is difficult to flow from a D c  8ource to a bad. When the DC current flow 
determine the precise amount of current necessary to blow a exceeds a predetermined level, a phase detector senses a 
fuse because once the precise amount of current is deter- Phase reversal and generates a s imd that Causes the circuit 
mined, the fuse is destroyed and, hence, must be discarded. between the DC mwce and the W: load to open. The h e n -  
While recycle type of fuse systems could be used, they are not 25 tion operates when a gradually increasing DC current change 
satisfactory because they are overly complex and bulky. Con- occurs or when an instantaneous current change occurs. 
sequentiy, there is need for a fuse that will blow when an ex- Moreover, the invention operates at low current levels and 
cessive current occurs but can be reset from a remote source, over widely fluctuating voltage ranges such as from 30 to 70 
such as by a pulse generated by a ground station and trans- volts, for example. Finally, the invention is suitable for use on 
mitted to a spacecraft, for example. 30 a space vehicle because it can be reset from a remote location, 

If the fuse is to be utilized on a spacecraft, it will be ap- such as a telemetered pulse from a ground station. 
preciated that it must meet certain other requirements. For 
example, the fuse must have a minimum voltage drop, 

volume. In addition, it must operate at relatively low ampere 35 vantages of this invention will become more readily ap- 

p r a t e  slow blow characteristics with inverse time delay for to the detailed description when taken in conjunc- 
transient loads. Moreover, the fuse must be operable under tion with the accompanying drawings, wherein: 
fluctuating voltage conditions without blowing if the load is 4o FIG, is a =hematic diagram illustrating a preferred em- 

bodiment of the invention; and driven from a fluctuating voltage source. 
Therefore, it is an object of this invention to provide a new FIG, is a waveform diagram illust;ating the waveform of 

the currents in the various windings of the transformer illus- and improved fuse. 
It is a further object of this invention to provide an elec- trated in FIG. for various current conditions. 

tronic fuse that is resettable. 
It is a still further object of this invention to provide an elec- 45 DESCRIPTION OF THE PREFERRED EMBODIMENT 

tronically resettable fuse that can be electronically reset from 
a remote source. FIG. B illustrates a preferred embodiment of the invention 

1% is still a further object of this invention to provide an elec- and generally CompriSeS: a Current Sensing transformer 11; an 
tronically resettable fuse suitable for use on a spacecraft that oscillator 13; a phase detector IS; a relay drive circuit 17; and, 
has a minimum voltage drop, power requirement weight and 50 a latching relay 19. The current sensing transformer 11 in- 
volume, and operates at a low ampere value over a relatively cludes a saturable core having two outside legs 21 and 23 and 

ORIGIN OF THE INVENTION 

The invention described herein was made in the per- 
formance of work under a NASA contract and is subject to the 

of section 305 of the National Aeronautics and 
of 1958, Public Law 85-568 (72 stat. 435; 42 

BACKGROUND OF THE INVENTION 

U.S.C. 2457). 

BRIEF DESCRIPTION OF THE DRAWINGS 
minimum power requirements, 

ratings ”” as one-sixteenth Or one*eighth amp*, and 

weight and small The foregoing objects and many of the attendant ad- 

preciated as the same becomes better understood by reference 

wide voltage range. 

SUMMARY OF THE INVENTION 

In accordance with the principle of this invention an elec- 
tronically resettable fuse is provided. The fuse includes a 
saturable transformer having two outside legs and a center leg. 
Balanced oscillator windings are wound around the outside 
legs and connected to an oscillator so that the outside path is 
saturated at waveform peak points. The center leg includes a 
first winding connected so as to sense current flow to a load 
and a second winding connected to a phase detector. The 
phase detector receives a second signal from the oscillator. In 
addition, the second winding is biased to a predetermined 
level. In operation, because the oscillator windings are 
balanced and in phase, the AC flux developed by these 
windings cancel in the center leg. When a DC current is 
passed through the first winding, a DC flux is produced in the 
center leg which completes its path through the outside legs. 
Due to the saturation effect of the AC excitation, the PX: flux 
path is only completed during periods of unsaturation in the 
outside legs. This completion occurs at twice the excitation 
rate. Because the second winding is biased, the flux induced 
by the first winding will exceed the flux induced by the second 

a center leg 25. Balanced oscillator windings A and B are 
wound about the outside legs 211 and 23; a sense winding C is 
wound about the center leg; and, a control winding D is also 

55  wound about the center leg 25. The control winding D is con- 
nected in circuit between an input terminal 27 and an output 
terminal 29. 

The balanced oscillator windings A and B are connected in 
6o series across the output of the oscillator 13. Because the oscil- 

lator windings are balanced and io phase, the AC flux 
developed by these windings cancels in the center leg 25. The 
purpose of the AC excitation is to produce an AC flux which 
saturates the magnetic path through the outside legs at 

65 waveform peak points. Assuming that a DC current is passing 
through the control winding D, a DC flux is produced in the 
center leg 25 which completes its loop through the two outside 
legs 21 and 23. Due to the AC excitation previously described, 
the outside path cyclically saturates and unsaturates. Because 

70 of this cyclic operation, the DC flux path is completed only 
during intervals when the outside path is unsaturated. When 
the path through the outside leg is saturated it acts essentially 
as an open circuit for the DC flux. Because the outside path is 
moved into and out of saturation twice per excitation cycle, 

75 the DC flux path is completed twice per excitation cycle. Con- 



3,571,656 

sequently, the AC voltage that appears across the sense wind- 
ing C is twice the frequency of the oscillator output. 

FIG. 2 illustrates idealized waveforms for the current flow- 
ing through the various windings of the current sensing trans- 
former 11 under different conditions. More specifically the 5 
fmt waveform line illustrates the waveform of the current flow 
through windings A and B; the second waveform line illus- 

veform of the current flow through the control 
and the third waveform line illustrates the The junction between RB3 and the collector of QS is con- 
the current flow through the sense winding c. '' nected through C7 in series with W P  to the collector of Q8 

The leftmost podon of FIG. 2 illustrates the waveforms for a and to the base of 09. The emittem of 08  and 09  are con- 
positive current flow through control winding D; the center of nected to +v. ofQ9 is connected through Rib to +V 
PIG. 2 illustrates the waveforms when zero current is flowing and fie base is connected to the collec&)r of Q6. The 
through control winding D; and, the rightmost Portion i l h -  15 collector of 09 is connected through 9116 in series with R1'9 to 
trates the waveforms when a negative current flows through ground. 
control winding D. It will be noted from viewing FIG. 2 that of the 
the induced DC flux direction reverses when the current current sensing transformer 11 and through RBI to +V. The 
through tbe Control winding reverses. This reversal creates a collector of Q6 is connected through and +v and, the 
180D P k w  shift in the AC induced in the Sense winding. 20 emitter of QQ is connected to the emitter of 0'7 and through 
preferably, the turns ratio between the control and sense R20 to ground. The collector of Q7 is connected to +V and 
windings is rather high, such as 1: 1000, for example. As the base of Q7 is connected to the other end of sense winding 
hereinbefore described in actual use, a DC bias current is c ofthe current sensing transformer 11. The base o f ~ y  is also 
Pmed through the winding in the direction of the flux connected to the source of Q%O. The gate of Q B Q  is connected 

d by a Positive current flow *rough the control winding 25 to ground. And, the drain of 010 is connected through R21 in 
en biased In this manner, the current flow through the series with ~ 2 2  to ground. 

s'rPass a Predetermined level before The phase detector IS detects when a phase reversal occurs 
phase reversal occurs. As also hereinafter described, it is this in the signal detected by the sense winding a 

30 their associated resistors amplifies the signal sensed by sense latching relay 19. 
d signal is essentially a square wave The oscillator 13 illustrated in FIG. I comprises: two PNP winding The 
either inhibits the signal or allows a transistors designated Q1 and Q2; to NPN transistors and is applied to 

designated Q3 and Q4; ough C7 to the base of 09.  The nega- a diode designated DI; eleven resistors negative spike to 

signal sensed by sense winding C and the signal generated by and, five capacitors designated C1, C2, C3, C4 and C 
and to a oscillator 13 is such that under normal operating conditions voltage source designated +V. The base of QB is connected 

base of Q2 is connected through R2 in series with c1 to col- thereby prevents Q9 from turning on. However, if the bias cur- 

R15, RIB, R17 

The base of is connected to one end of winding 

winding 
In 

reversal ohat is sensed to control the operation of the differential amplifier consisting of transistors Q6 and QT and 

designated R1* R27 R3, 'RaoandRIP;  35 tive spike turns on Q9. The phase relationship between the 

The Of and O2 are connected 

through R% in series with 

lector 0%. The junction between R1 and C2 is connected 40 rent point for 
through R4 in series with R3 to the junction between R2 and 
@$. The junction between R3 and R4 is connected to ground. 

to ohe collector of Q2 and the Q8 is On when the negative Pulse through c7 

winding by the 
passing from +' through R1 9 sense winding C, Q10 and 
and R22 to ground is exceeded the phase Of the sense winding 

The collector ofQl is connected through R7 to the collec- 
tor of Q3 and the collector of Q2 is  connected through R$ to 

signal shifts 180" as hereinbefore described. When the phase 
of the sense winding signal shifts 180" 0 8  is off when the pulse 

the collecmr of Q4. The collector of Q1 is lso connected 45 through C7 occurs and, hence. Q9 is turned on. When Q9 is 
through C3 in parallel with R5 to the base ofQ a pulse is applied to the relay driver cir- 
of Q2 is connected through C4 in par& ith RB to the cuit ich, is hereinafter described, energizes latching 

and to ground. The emitter of 0 3  is also connected through y drive circuit 17 illustrated in FIG. 1 comprises: a 

The collector On and a spike 

base of Q3. The emitters ofQ3 and Q4 are connected together 

~9 to fie anode of ~ 1 ,  ne junction between ~9 and ~1 is 50 PNP transistor designated QlB; and NPN transistor 
connected to one end of winding A of the current sensing designated Q12; four resistors designated R z 3 , 8 2 4 ,  R% and 
transformer 11. The collector of Q4 is connected through R10 R2Q; an 
in series with C5 and RS1 to ground. The junction between C5 betwee 
and RH1 is connected to one end of winding B of current throug 
sensing transformer $1. The other ends of winding A and B are 55 is connected to ground. The junction between Ra3 and It24 is 
connected together. to ground and to the cathode of D1 of 

From the foregoing description, it will be appreciated by collector of QP2 is connected through 
those skilled in the art and others that the oscillator 13 is a to +V. The junction between R23 and 
complementary transistor oscillator well known in the art. It 60 R24 is also connected through C9 to the collector of Q B B .  The 
has p d c u l a r  advantages for use with this invention because junction between R2S and R26 is connected to the base of 
of its low power requirement and low output impedance. The Q1]1 and the emitter of Q11 B is connected to +V. 
output is capacitively coupled through C5 to the balanced The relay drive circuit has delay characteristics which are 
oscillator windings A and B of the current sensing transformer controlled by the values of RBQ, RP7 and C8. That is, if the 8e- 
11. In addition, as is hereinafter described, the output is 65 ries of pulses from 0 9  are present for a sufficient period of 
capacitively coupled to the phase detector 15. As is well time, depending on the values of these components, the volt- 
known, the complementary transistors of the oscillator 13 al- age on C8 will reach the turn on threshold level ofQ12. When 
ternately switch on and off thereby generating a square wave QB2 turns on, it turns on QIB which as hereinafter described 
signal at a frequency determined by the specific value of the applies a voltage to the set coil of the latching relay 19. If rhe 
components used. However, any AC generator which has a 70 pulses from Q9 are present for an insufficient period of time 
waveform which results in saturation in the outer legs of the Q%2 and, hence, Q11 are not turned on. R9 and DB of ehe 
transformer for a portion of each half of the AC cycle will oscillator circuit 13 are contained in the overall system to as- 
satisfy &e drive requirements for the transformer. sure that the relay drive circuit reacts to a very high current 

d in FIG. 3 comprises: three overload which could be sufficient to saturate the magnetic 
NPN transistors designated , QB and Q7; two PNP 75 core of the current seasing transformer 1 1, 

Th 

capacitors designated C* 

nd 1324 to the base of 01 

The phase detector IS illustr 
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The latching relay 19 illustrated in FIG. 1 comprises: a set telemetry from a ground station. la addition means are pro- 
coil designated §; a reset coil designated R; and a set of relay vided for remotely opening the circuit. between the source and 
contacts. One side of the set coil § is connected to ground and the load. 
the other side is connected to the collector of 011,  hence, It will be appreciated by those skilled in the art and others 
QP1 is connected so that it energizes or drives §. The same 5 that only a preferred embodiment of the invention hm been 
side of § that is the collector of Qll is connected to the described and that other embodiment8 fall within the scope of 
cathode of a diode designated D2. The anode of D2 is con- the invention. 
nected to a set terminal 31 so that an external set signal can be I claim: 
applied to the set coil S, if desired. 1. An electronically resettable fuse comprismg: 

a saturable core current sensing transformer having one 
other side is connected to the cathode of a diode designated winding connected 80 as to detect the current flow in a 
B3. The anode of D3 is connected to a reset terminal 33 so X current flow path; 
that an external reset signd can be applied to the reset coil. oscillator connected to said current sensing transformer to 

The contacts of the !,arching relay 19 include a moveable driw it in a balanced manner causing saturation of  a 
tact etsmsat 35 and wppr and Bower contact points 37 and 15 predeterrniasd akyrzetic path ax wwusifazn:~ peak points; 
Tho moveable contact element 35 is connected to the out- a phase detector having one input connected eo said osoilla- 
ternha1 29 and is moveable 60 as to come in contact with tor and a second input connected to B sense winding 

the qqxx and lower contact points 37 and 39. The upper con- W Q U ~ ~  about said current sensing t ~ ~ s f ~ ~ ~ i e r  $OF detect- 
tact poht  37 is connected through the control winding D of ing a phase reversal between said two inputs and for 
the cwrent sensing trzansformea 81 to the input terminal 27. 20 generating an output when said phase reversal occura; 
The lower contact point 39 is unconnected. I'dormally, the and 
moveable contact element 35 is in contact with the upper con- circuit opening means connected to said phase detector for 
tact point 37 SO that current can flow from the input terminal open DC current flow path when said 
to the output texmind. When a current surge occurs, the CUF- phase tes an output signal. 
rent sensing transformer 11 senses the surge and the previ- 25 2. An attable fuse a6 claimed in claim 1, 
olasky described p h w  reversal occuw. The phase reversal is wherein sa ng transformer include two autside 
sensed by *e plnasa: detector and a pulse is applied to the relay legs and a center l% said Gutside b 3  including balance 
driver circuit 17, which &er a suitable delay, a pulse windings connected to said oscillator; said winding connected 
to the reset coil $. This latter pulse causes the moveable con- so as to detect a Path and 
tact element 35 to move out ofconhct with the upper contact 30 said Sense winding being both wound about said center leg. 
poiat 37 and into with the lower contact point 3. An electronically resettable fuse 8s claimed in claim 2, 
39. Hence, the circuit between the input terminal 27 and the wherein said open circuit means comprises a relay having a set 
output terminal 29 is broken. Thereafter, when a reset pulse is winding connected to the *Wut of said phase detector. 
applied to &e reset teminal33 the moveable contact element 41. An eleCtrQniCdY resettable fuse as claimed in claim 3, 
revem to jb prior or position and bhe circuit between 35 wherein said relay includes a reset coil adapted to receive an 
the input terminal 27 and the output terminal 29 is again externalresetsignal. 
completed. The set termind 31 allows an external pulse to be 5. An electronically resettable fuse as claimed in claim 4, 
utilized to open circuit the system. wherein said phase detector applies a bias current to said 

It will be appreciated from the foregoing description that an 
elecwonjcdly resettable fus is provided by the invention. R ~ -  40 6. An electronically resettable fuse as claimed in claim 5, in- 
gardlcss of wl,ether the exceslaive current occurs slowly Or cluding a relay drive circuit connected between the output of 
rapidly, the fuse circuit aperates to sense when the Current said phase d c t m ~ ~  and the set coil of said relay. 
from the input terminal to the output ternlinal surpasses a 7. An electronically resettable fuse as claimed in claim 6, 
predetermined point. when this condition occum, a phase wherein said relay drive circuit includes time delay com- 
reversal in the sense winding is detected by a phase detector 45 p 
and a pulse is applied to a relay drive circuit. The relay drive An electronically resettable fuse as claimed in claim 7, 
circuit then activates the set coil ofa relay to open the circuit Wherein said OSCnhtOr iS a complementary transformer oscil- 
between the source and the load. Means are provided for lator* 
resetting the relay from an external source such as via 

One side of the reset coil W is connected to ground and the 10 
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